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ABSTRACT 


In  recent  yccrs  at  cho  0,  S.  Kaval  IMotgrxdurttc  Selves’.,  »,»««* 
deal  of  interost  ha*  Bern  exhibited  In  the  u?;e  of  hyd n-giu--  {■>.;•■£,• n  o.j  Vi¬ 
sion*  in  semi-enclosed  charters  as  an  underwater  acoustic  & i^ui \  lot-ort*. 
The  basic  intent  of  this  thesis  was  an  investigation  of  the  omintut  of 
acoustic  energy  available  from  such  a  controlled  explosion  anu  Us  de¬ 
pendence  on  various  mixtures  of  gas,  including  excess  amounts  oc  hydro¬ 
gen,  oxygen  and  nitrogen. 

The  low  energy  yields  obtained  wore  both  unexpected  and  disappoint¬ 
ing  and  the  efficiency  of  conversion  from  chemical  to  acoustic  tfnstgy 
was  astonishingly  low;  so  lov  that  the  value  of  the  process  as  a  source 
of  acoustic  signals  is  considered  to  be  of  doubtful  significance. 

Frequency  spectra  and  tlao  domain  photographs  of  w*ch  expb'xlon 
and  a  short  section  on  variation  of  energy  with  depth  of 
•re  included. 
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1.  Introduction, 

This  thesis  wits  undertaken  a»  a  direct  follow-up  of  eotae  o f  the  re- 
cosMniiatloM  tude  in  theses  completed  «t  tha  Hava 1  Postgraduate  School  in 
1960  and  1961,  /l/,  /2/ 

Sinca  the  work  done  In  these  those*  Indicated  that  explosive  mixtures 
of  oxygen  and  hydrogen  could  be  obtained  by  controlled  electrolysis  in 
sea  water  and  that  a  Judicious  choice  of  chamber  size  and  shape,  ex¬ 
plosive  mixture,  quantity  and  type  of  excees  gas  end  depth  could  result 
in  acoustic  signals  of  discrete  bandwidth,  it  was  felt  by  the  authors  that 
further  investigation  of  this  Method  of  genoratlag  acoustic  signals  could 
yield  important  results. 

The  authors  decided  that  the  flald  of  acoustic  energy  measurement  v<ts 
•wet  important  since  it  would  lead  to  a  knowledge  of  the  actual  acoustic 
energy  available  and  to  a  determination  of  the  chemical  to  acoustic  energy 
conversion  efficiency.  In  addition,  this  area  of  study  v.vild  ptnvidu  .1 
method  of  determining  the  moat  efficient  mixture,  the  best  chapa  of  trans¬ 
ducer  and  any  changes  in  mixture  which  might  bo  required,  as  e  function  ;A 
depth,  to  maintain  efficiency. 

Duo  to  problems  encountered  in  tl»e  calibration  of  hydrophones,  in 
devisin;;  a  method  of  positioning  thu  hydrophono  vlth  respect  to  the  trans¬ 
ducer  without  inducing  secondary  effects  in  thr.  system  nod,  tu  r.o  a. nail 
degree,  to  poor  weather  conditions  over  a  large  part  of  t,h.»  period  «v« li¬ 
able  foe  experimentation,  it  was  not  possible  to  invest !;...*•*  *.  i  •.  of  th.-"u 
parameters.  Since  e  r.  imp  la  transducer  was  available  fn>. :  prv  !<•««  ox- 
perlmor.ts,  /2/,  it  was  used  f.n  this  experiment  with  th*  .'ntfon  uf  .'J1? 
ing  it  «s  results  and  developments  dictated.  Due  to  tlv  pr..»V  !>»».•»  previous 
ly  mentioned,  no  changes  were  wa&e  and  the  results  yx us-t n; *«»  in  thin  s’ 
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•re  for  this  transducer  only. 

In  conducting  the  experiment s,  c  hydrophone  va*  connected  to  »  tap* 
recorder  which  received  end  stored  the  signal  for  Inter  analysis  in  the 
laboratory*  Analysis  was  carried  out  using  a  spectrum  analyzer  And  ooell- 
loscope  for  frequency  and  time  domain  studies.  The  acoustic  energy  van 
calculated  by  a  time  sampling  technique  with  voltage  ordinate i  obtained 
from  the  expanded  trace  of  the  aemoscope  and  converted  to  pressure  ordinates 
through  a  knowledge  of  the  characteristics  of  the  hydrophone  and  tape  record 
•r.  The  equipment,  the  techniques  used,  and  the  calibration  procedures 
followed  are  more  fully  discussed  in  the  Appendices. 

It  would  not  be  possible  here  to  Include  the  nanns  of  all  who  have 
been  of  assistance  to  us  in  obtaining  equipment  and  providing  guidance  and 
advice.  We  do,  however,  wish  to  extend  our  thanks  to  Professor  C.  P.  Klensa 
for  assistance  with  the  energy  calculation  method,  to  Professors  L.  E* 
Klnsler,  0.  B,  Wilson  and  D.  A.  Stent*  for  helpful  suggestions,  to  P ro f 's o* 
C.  E.  Hennackcn  for  arranging  the  loan  of  the  spectrum  analyzer,  und  to  the 
First  Lieutenant,  LCDR  W.  E.  Walkup,  who  provided  the  boat  and  crew  without 
which  it  would  not  have  been  possible  to  conduct  the  experiments*  Special 
thanks  go  to  the  men  of  the  boat  crew  ar.d  technicians  of  the  electronics 
staff  who  worked  for  us  under  sometitrais  adverse  conditions  «e 


2.  Equipment  and  Measurements 


(a)  Transducer,  Gas  Hoaaureovnt  and  fotnltlon  of  fcxpl.mlop 

As  Mentioned,  the  exploeive  chamber  (transducer)  vaa  available 
from  previous  experiments.  /2 /  The  transducer  is  shown  in  Fig.  1. 

The  gas  volume  mtaeureAtene  procedure  used  was  identical  with 
that  employed  by  previous  experimenters  /2/  and  the  calibration  cvh*v<u 
for  the  regulator  valves  used  are  given  in  Appendix  I. 

Ignition  of  the  explosion  vac  accomplished  by  placing  t>"*  $?,*. 
volt  d.c.  batteries  in  series  across  a  resistance  coll  in  the  explosive 
chamber.  Firing  current  varied  from  10  to  12  amporea.  Ignition  cirw 
varied  from  8  to  20  sec  end  seemed  to  be  an  Increasing  function  of  the 
amount  of  excess  gss. 

(b)  Hydrophone 

The  hydrophone  used  was  a  BlCR3a  for  which  a  cel  throe  lot*  suf-e 
was  available  from  40  cps  to  600  cps  when  used  with  35  :*c  •>£  2  eorduefcox 
shielded  cable.  Since  an  additional  200  ft  of  cable  had  to  be  added  tv 
this  short  cable  to  reach  tha  depths  at  which  tha  tests  were 
reciprocity  calibrations  were  attempted,  in  a  tank,  at  several  frevuen* 
cies  between  50  end  600  cps.  As  might  be  expected,  difficulties  wwm 
encountered  with  standing  waves  aud  accurate  results  were  not  obtained. 
However,  with  the  results  that  ware  obtained  and  by  comparison  through 
the  substitution  method  with  an  Ml  155  hydrophone,  for  which  a  calibra¬ 
tion  curve  was  available,  a  flgune  of  -15  d!>  re  1  volt  p*r  rticcobar  i^r 
obtained  for  the,  frequency  range  cf  interest.  This  compared  with  - S '  - *'  5’;. 
re  1  volt  per  microbe r  given  on  thu  calibration  curve  and  8*fs;«  nttcCialy 
reasonable  in  view  of  the  extra  length  of  cable  involved.  This 
of  -85  db  r«  1  volt  per  microhm*  »<«s  ucvd  no  tho  hydrophone  snipe;;-*1  m 
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all  ctUaUtloni. 

(c)  Hydrophone  ?oa it  toiling 

In  measuring  the  Acoustic  energy  available  from  an  explosion 
it  1*  necessary  to  fix  the  hydrophone  at  a  known  distance  from  tho  source 
of  the  explosion.  It  la  also  Important  to  know  whether  there  is  any  direc¬ 
tionality  in  tha  propagation  of  the  sound  due  to  the  transducer  configura¬ 
tion  or  other  factors.  If  neasureiwnts  could  be  made  at  several  fixed 
angles  relative  to  the  transducer  while  maintaining  a  fixed  distance  from 
it,  any  directionality  present  in  the  signal  should  be  apparent.  An  attempt 
wee  made  eo  meet  these  requirements  by  fixing  tha  hydrophone  to  the  end  of 
a  boom,  the  other  end  of  which  was  pivoted  at  the  suspension  point  of  the 
transducer. 

Unfortunately,  it  was  found  that  with  a  free  hanging  transducer, 
as  was  used  in  these  experiments,  the  presence  of  the  boom  had  an  effect  on 
the  explosion  and  that  this  effect  varied  with  the  position  of  the  boom. 

For  instance,  high  frequencies  (3-4  Kcs.)  were  observed  in  the  output  when 
tha  boom  wea  vertical  or  close  to  vertical  which  were  not  present  whs n  the 
hydrophone  was  placed  in  the  saTO  position  by  tying  It  to  the  suspension  Jir-s 
and  removing  the  boom.  This  indicated  that  the  boom  was  excited  to  longi¬ 
tudinal-vibration  by  tha  force  of  the  explosion  end  that  the  high  frequencies 
came  from  the  boom  and  not  the  transducer.  The  vooro  was  tharafete  discarded 
and  another  approach  to  the  problem  of  direction*. '  t.y  r cade. 

The  hydrophone  was  attached  to  a  length  of  lite*  which  was  sneered 
to  the  suspension  cable  of  the  transducer;  -efficient  tension  va«-  placed  on 
the  hydrophone  cable  to  insure  that  the  hydrophone  t«  r.rv^adeco r  spacing  mu 
approximately  the  length  of  the  line.  In  this  »*■■?  the  by •« Ir'ophor.a  was  posi¬ 
tioned  at  several  different  though  unknown  arc  loo  vi~h  ?.•  ~v-:  ct.  to  the  Jrsnc- 
ducer.  When  the  output  wave  forms  of  explosions  with  t  h-.  hydrophone  dirveUy 
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above  the  transducer  wore  compared  with  the  output  wav*s  forms  of  slt»»£l«v 
explosions  with  cite  hydrophone  approximately  the  stue  'intmice  to  one 
side  of  the  transducer,  they  were  found  to  be  quite  similar  and,  vltfc  tc<> 
exceptions,  contained  no  frequencies  above  6C0  cps.  Since  it  is  hnovn  tfcal 
little  directivity  can  be  expected  from  any  device  whose  physical  diva*nrlot»$ 
are  leas  than  one  quarter  wave  length,  (approx.  ICO  inches  .n  (S'Cj  cps  In  s** 
water)  It  waa  apparent  that  the  7*1/2  inches  diameter  by  18  inches  lone;  t race 
ducer  could  not  direct  the  sound.  On  this  premise,  the  transducer  vita  treat¬ 
ed  as  a  point  source,  radiating  sound  uniformly  in  all  direct  lone,  and  nil 
measurements  were  made  with  the  hydrophone  secured  to  the  transducer  sus¬ 
pension  line  at  a  point  20  ft  above  the  center  of  the  transducer. 

(d)  Recording  System 

Since  an  open  boat  without  an  electric  power  plant  was  employed 
as  a  platform  fro®  which  to  conduct  the.  actual  explosions  in  do;:;>  wster,  it 
was  not  possible  to  take  analysis  equipuent  along.  Xml ‘?»dt  n  12  vale 

d.c.  to  117  volt  60  cps  rotary  converter  was  used  to  supply  an  Ampux  600 
Tape  Fecorder,  on  which  nil  explosions  were  recorded. 

The  tepu  recorder  hod  a  relative ly  small  dynamic  range  (about  2* 
db)  and  care  had  to  be  taken  not  to  overload  the  input  amp lifter.  Hhsn<&viv 
overload  did  occur,  the  shot  was  repeated  at  a  lovet*  input  twcl.  Tope  tv 
corder  gain  characteristics  were  investigated  as  6  function  of  input  lew !. 
and  are  given  in  Fig.  2,  In  all  calculations  gains  of  i/,  18.  and  24  db  *v 
were  used  for  microphone  input  level a  of  3.0,  3,5  and  4.  0  ntspsci  ively. 

(e)  Analysis 

Analysis  of  the  recorded  explosion  waveforms  was  carrlt.i  i.«t  in 
both  the  time  and  frequency  dor.v<l»s.  Thu  output  of  the  tape  t*«co 
properly  terminated  in  n  500  elm  lend,  vas  fed  to  &  Hughes 
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.in  order  to  obtain  voltaic  vs  tine  waveforms  which  could  be  converted  to 
pressure  va  tin*  through  a  knowledge  of  the  tap-?  recorder  and  hydrophone 

response  characteristics. 

Using  sampling  theory,  it  was  possible  to  calculate  the  acoustic 
energy  generated  by  each  explosion  from  the  pressure  vs  time  wave forms. 
Appendix  XI  gives  the  theory  and  an  Illustration  of  the  technique  used  in 
those  calculations. 

The  output  of  the  tape  recorder  was  also  Cod  te'e  Koy  Electric 

"Vibralyxsr"  from  which  an  aaplitude  va  frequency  spectrum  v as  obtained, 

/ 

usually  from  5  to  2S0  cps  but  occasionally  5  to  500  cps  when  the  spectrum 
spread  beyond  2S0  cps.  Xt  was  not  possible  to  calibrate  the  Vibralyxer 
so  as  to  give  absolute  Intensity  levels,  due  to  the  complicated  interaction 
of  the  record  level,  reproduce  level  and  nark  level  controls  but  relative 
amplitudes  of  prominent  components  could  be  determined,  Thu  amplitude 
scelee  on  the  spectra  in  Appendix  IV  are  therefore  plotted  in  Jh  below 
the  amplitude  of  the  peak  component. 

It  may  be  noted  in  many  of  the  t  inset  domain  photograph  a,  most*, 
noticeably  In  number  22,  that  a  high  frequency  component  in  present  during 
portions  of  the  output  pulse.  The  frequency  of  this  component  was  deter¬ 
mined  to  be  about  2  Kcs  which  is  the  frequency  of  ’’ringing”  of  the  trans¬ 
ducer  Itself  when  partially  filled  with  gas,  suspended  ju«t  below  the  sur¬ 
face  and  hit  with  a  hammer.  Since  this  component  is  Insignificant  in 
ntarly  all  cases,  it  was  Ignored  ir.  computing  the  energy  content  of.  the 
output  waveforms. 
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3.  IUs  s  t»lcs « 

At  the  beginning  of  the  Investigation,  It  vjc  known  ;2/  tlioi.  Che 
Mount  of  gas  in  the  chamber  over  and  above  the  auicuat  timt  would  ■. ..ao.aM^e 
In  th«  explosion  was  one  of  the  factors  controlling  thu  width  ct  ztw  ;‘jvc- 
trum  that  would  he  obtained,  tt  was  also  implied,  If  nec  >*■.?,  ».b#t  the 
acoustic  energy  available  from  the  explosions  In  the  transducer  quite 
large.  /!/  This  assumption  was  later  proven  to  be  invalid;  hut  the  Investi¬ 
gation  began  with  It  as  a  basis  with  the  Intent  of  measuring  thin  energy, 
investigating  any  directionality  of  the  transducer  as  a  necessary  adjunct  to 
measuring  the  energy  and  computing  the  chemical  to  acoustlcnl  energy  con¬ 
version  efficiency. 

As  the  Investigation  progressed,  results  were  obtained  which  fndici«tad 
that  not  only  the  amount  of  excess  gas  but,  to  some  extent,  t!»*.  nature  of 
the  excess  gas  was  a  parameter  affecting  the  acoustic  energy  coutint  of  t?,.> 
explosion.  The  authors  decided  at  this  point  to  concentrate  ehc*!  « 

In  this  area  and  to  attempt  to  determine  as  nearly  as  possible  tint  »  e-v¬ 
at  one  depth  which  would  produce  the  maximum  acoustic  energy. 

A  transducer  depth  of  200  ft  and  a  wat«r  depth  always  in  ■*  uf  400 
ft  were  selected  to  minimise  surface  and  bottom  reflection**.,  tfomu u<tw  ex- 
plosions  were  sec  off  with  varying  amounts  of  pure  hydrogen,  cxygwt'  .s««l  *,.{* 
trogen  as  the  excess  gas  and  additional  shots  wcr-.’.  made  with  vnrtvs.'i 
tures  of  these  gases  *a  excess.  During  this  serins  of  shots,  one  liter  of 
combustible  mixture  (0.33  liter  0^  and  0,67  liter  H^)  wss  iw*f.otn'v.  •* 

The  end  results  cC  the  Investigation  can  bosfc  be  eppreci *t«*d  trow  .J 
study  of  Figures  3,  4,  and  5,  which  show  curves  of  «coust!.-:  i.t,  »;,y  .vt  .t 
function  of  quantity  of  excess  gon  for  pure  hydrogen  uxec-a**,  pur*.-.  ».U  vc-joo 
excess,  and  various  mixtures  of  excess  respectively,  tt  in  JrrvHl  *r«  ?y 
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obvious  Chat  the  addition  of  excess  gas  affects  the  acoustic  output  nod 
that  peak  acoustic  output  occur:;  for  ret  Los  of  excess  ^as  to  explcfliv> 
•lxture  between  1*5:1  end  2:1*  This  peaking  effect  correlates  to  iota  ex¬ 
tent  with  detonation  velocities  for  Mixtures  of  those  same  gases  given  on 
page  80,  Underwater  Explosions  by  R.  H.  Colo  /3/. 

The  nose  surprising  result  of  the  Investigation,  was  neither  that  a 
peak  did  occur  nor  that  it  occurred  whore  It  did,  but  that  the  acoustic 
output  at  this  paak  vaa  so  snail.  When  It  is  considered  that  over  7000 
joulea  of  free  energy  is  available  in  the  recombination  of  the  gases  in¬ 
volved,  (see  Appendix  IV)  the  conversion  of  lea*  than  one  joule  to  acoua- 
tic  energy  given  e  conversion  efficiency  in  the  neighborhood  of  1/1C0  of 
one  percent*  When  It  is  further  considered  that  the  spectra  obtained  in 
the  region  of  Maxima  efficiency  ere  relatively  broad  compared  to  the  nar¬ 
rower  spectre  obtained  with  less  efficient  explosions,  it  is  apparent  that 
the  requirements  of  high  acoustic  output  and  narrow  spectrum  air  iMittMlly 
Incompatible,  at  least  for  the  particular  transducer  used  in  these  tests,  . 
In  any  case  the  vary  low  acoustic  efficiency  indicates  th  a  process  f.o  of 
doubtful  value  as  e  cource  of  high  intensity  acoustic  signals* 

Although  the  study  of  the  spectra  Involved  in  chose  explosions  has 
Already  been  well  covered  /2/,  the  tloo  domain  pictures,  frequency  spue era 
and  a  tabulation  of  acoustic  energy  content  are  included  in  Appendix  XXI 

for  those  interested  in  studying  ehsm.  Titae  dew* in  pictures  have  ordinates 

2 

converted  to  pressure  in  nevtons/meter  and  abacinsn  given  in  milll-secordr 
while  the  frequency  spectre  ordinates  give  relative  power  in  decibels  b*lv.< 
the  power  in  the  strongest:  frequency  component, 

A  brief  study  of  scoustic  energy  as  a  function  of  dt»pth  was  at  tempted. 
For  «  single  mixture,  shots  were  conducted  *t.  200,  I7r>f  ISO,  125,  and  lO'J 


feet,  mixture  h>vl  tvo  litor*  ‘ i/.'j ■  /<•}  a;«1  th«  »>aujliC 

«r«  plotted  In  *'ig«  6  which  chat  thnva  lc  «*»  significant  varl* 

at Ion  over  the  range  of  depths  investigated. 

Interesting,  though  not  important,  results  were  obtained  in  the  ex¬ 
plosions  which  contained  oxygen  as  the  excess  gas  (Appendix  IV),  number t 
37  to  41).  The  pulse  vns  approximately  the  same  pressure  level  as  the 
excess  hydrogen  and  nitrogen  shots,  but  was  of  very  short  duration,  ii: 
some  cases  only  one  or  two  cycles  of  oscillation. 
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4.  Coticlufcion*. 

(a)  Acou.-tic  energy  concent  1*  a  function  of  excels  &.»«  in  (V  ,-x- 
ploslv*  Mixture  and  varies  with  the  nature  of  the  excess  g»a, 

(b)  As  a  function  of  the  amount  of  excess  gas,  the  range  *m>r  which 
maximum  acoustic  energy  is  obtained  docs  not  correspond  with  th«  rrnga 
over  which  the  narrow  bandwidth  das  1  rad  la  obtained.  Therefore*  f.*r  the 
transducer  used*  these  two  desirable  characteristics  era  inc ompAtiMt-, 

(c)  Chemical  to  acoustic  energy  conversion  efficiencies  are  extrunu- 
ly  low  in  the  transducer  used  in  these  experiments.  Peak  efficiency  ob¬ 
tained  was  of  the  order  of  1/100  of  one  percent. 

(d)  The  efficiency  of  the  process*  using  bottled  gas  or  in  con¬ 
junction  with  a  hydrolysis  process*  la  so  low  that  its  value  as  a  source 
of  high  Intensity  acoustic  signals  is  extremely  doubtful. 

5.  Recommendations. 

(a)  Ho  further  work  should  be  done  in  this  field  at  the  L\-  S.  Hava! 
Postgraduate  School  unless  theoretical  studies  indicate  a  transducer  de¬ 
sign*  gas  mixture  or  detonation  method  which  would  improve  the  conversion 
efficiency  by  at  lei  at  3  orders  of  magnitude* 

(b)  Tn  tho  event  that  further  work  i3  authorized,  a  more  auitsbla 
boat  with  an  internal  power  supply  and  equipped  with  suit*ol«*  p:*Mt 
winches  should  bo  provided  as  a  platform  from  which  to  conduct  the  „ 
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AFPEUuIX  l 


CAS  VOLUME  MEASUREMENTS 

The  technique  of  motoring  the  goo  Into  tho  exp lost v«  <havb*r 
developed  by  provlou*  experimenters.  /2 /  The  callbret  ior?  curvstn  for 
tho  regulator  valve*  uved  are  above  In  Fig.  7  where  th*>  ordinate  la 
Mill!* liters  of  gas  and  the  abscises  is  gas  pressure  In  tho  high  prutsure 
gauge  of  tho  valve. 


APPENDIX!  U 

SAMPLING  1*2CKN£Q0E  AND  ENERGY  COHKTTA?  CPH 
As  mentioned  in  the  text  and  other  appendices,  the  wav*  for^rt  of 
the  explosive  signals  were  displayed  on  the  'dughes  Meao- scope.  Ordinyf.ua 
were  then  recorded  every  A t  seconds  where  At  Is  defined  as  fellows: 

If  «ny  complex  wave  form  be  sampled  At  a  rate  such  that  the  number 
of  samples  is  ff'TWVl  ,  where  T  is  the  length  of  the  signal  if  the 
signal  is  non-periodic  and  is  the  period  if  the  sigr.nl  has  periodicity 
and  where  \AT is  defined  as  twice  the  highest  significant  frequenc*  com¬ 
ponent,  then  sampling  theory  states  that:  she  wave  form  may  be  reproduced 
from  these  ordinates  to  an  excellent  degree  of  accuracy.  If  wo  assume 
that  2TSTis  much  greater  than  one  then  the  number  of  samples  becomes 
2'TW  and  the  sampling  interval  is  T*  ,  the  length  of  the  pulse,  divid¬ 
ed  by  £TW,  the  number  of  sample  ordinates;  this  sampling  f«teiv3l  Is 
that  A*fc  which  was  to  be  defined. 

From  sampling  theory  we  also  know  that  the  energy  in  the  pulse  is 
given  by 

,4  En"“'  ■  X  Wi  •  A-t 


«hnr.  /L  V/<  1  b  the  siencatlon  of  t‘t*  s^oeree  of  the  eeventi  seepled 

ordinates,  .  Here  the  waveform  i'  assumed  to  be  *n«  of  voltage  and 
also  to  be  taken  across  a  one  ohm  load.  From  the  gain  characteristics 
of  the  tape  recorder,  the  response  chnrs:ctcriscicv  of  thft  sv  living 
hydrophone  and  spherical  divergence  for  the  known  spacing  bt»t.tfe*r  hydro¬ 
phone  and  transducer,  the  voltage  oc«tir,Ate«  rwy  bn  r. cavorted  to  *:rouSv£s. 
pressure  ordinaten.  Acoustic  energy  in  the  exploit*-*-  frcs.-u^.-.  pt.lee  tv, ay 
then  be  computed  from  the  rotation  - 

4TT*  At 


Energy 


pC 


X  e 


A 


20 


\ 


where  2^,  lrt  the  aacinAtJIco  of  the  squm;.:  oZ  ■»*»  •>»  «if  s-- 

at«0,  .  ?!ic  quantity  jpC  l*  the  acoustic  inp«tUt»;e  -f  *cft  v;tcer 

«nd  the  term  4*TT  serves  to  Integrate  over  the  standard  sphere  of  one 
Meter  radius.  Here  It  la  assumed  that  there  is  no  direct iv ley,  an 
assumption  that  la  reasonable  for  the  frequencies  involved  and  one 
that  waa  to  some  degree  verified  by  observation* 

How,  compute  the  conversion  constant  which  converts  voltage  squared 
to  acoustic  praaaura  squared,  Assume  one  volt  out  of  the  tape  recorder 
at  a  microphone  input  level  setting  of  four  (24  dh  gain).  The  input 
would  then  be  24  db  below  ore  volt;  and,  aaaualng  the  receiving  hydro¬ 
phono  to  be  flat  at  -85  db  re  1  volt  per  ml c rebar,  the  sound  pressure 
level  at  20  ft  la 

SPL  -  -24  -  (  -85)  *  61  db. 

Allowing  for  spherical  divergence  to  find  the  source  level  (  3»,  >„ 

SL  «  61  +  20  log  r  (  r  in  iHitert,) 

SL  -  61  *  20  log  6.10  «  76,7  db. 

Prom  the  relation  between  source  level  and  pressure 

St.  «  20  log  10  (where  is  acoustic  pressure 

in  Hevtona  per  square  ureter-) 

the  pressure  equivalent  of  1  volt  is 

2 

«  684  Hevtons/meters  /vt>lt. 

squaring  this  constant  yields 

2  5  2  4  2 

P^  m  4,68  x  10  Newtons  /meters  /volts  , 

Similar  calculations  for  microphone  input  levels  of  ihre*  (  12  <*b  gain  > 

2 

and  threa  and  one-half  (  18  dh  gain)  gave  as  values  for  P  and  ? 

a  /  a  A  9 

P^  -  7,^1  x  10°  Newtons '/meters  /volts". 

3  2 

P^  *t  2,725  x  10  hcv'ronr/sr.ctfivs  /volt. 

Pj  j  f»  1-870  x  10^  NowtonsVner.ues^/velts^, 

3  2 

?-  .  *?  K768  x  10  Wewtcnfl/metiiTsj  /volt. 
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t.*rrc;  *■«.! oy  Input  U.v«?J  rlu*  tuvrgy  In 


i<ow  for  any 

chx  pulse  Is 

* 


Energy  * 


4-TV*  At 

pC 


1  #V»»fc 


tevd 


and  the  inatantemreu-j  peak  power  Is 

4-TV  RU»c-  v/ 

r*«k  power  a  — "~joC~  “  *  Vpc4' 

A  tabulation  for  all  shots  Is  given  In  Append!*:  til. 
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A  TABULATION  OF  ALL  SHOTS,  TIMS  DOMMM 

PHOTOGRAPHS  AND  FREQUENCY  SPECTRA 

This  appendix  Is  a  tabulation  of  all  shots*  Tab 1*  t  Includes  shot 

number,  data  shot  mcde,  nature  and  quantity  of  axcass  gas,  instantaneous 

paste  acoustic  povar  and  total  acoustic  energy,  Time  dormln  photographs 

and  frequency  spectra  for  each  shot  In  Table  I  are  also  shown. 

In  the  Cine  domain  photographs  the  ordinate  is  given  in  newtons/ 

2 

aeter  per  division  end  the  abscissa  in  nil It- seconds  par  division. 

In  tha  frequency  spectra  the  ordinate  is  in  decibels  below  the  peek 
component  and  tha  abscissa  in  cycles  per  second. 


TABLE  T 


Shot 

Date 

Excess  Gee 

of 

h2 

n2 

Peek  Acoustic 

Acoustic 

Shot 

4m 

Pover 

Sneeay  _  .. 

Liter* 

Liter# 

Watts 

Joules 

1 

21  Feb, 

3.0 

- 

5.5 

.051 

2 

7  Met. 

3.0 

- 

11 

.093 

3 

7  Her. 

2.5 

- 

36.7 

.248 

4 

13  Her. 

2.25 

• 

137 

.458 

3 

23  Feb. 

2.0 

m 

88 

.580 

4 

7  Her 

2.0 

m 

107 

.562 

7 

13  Her. 

1.75 

- 

146 

.690 

e 

7  Her. 

1.5 

- 

137 

.612 

9 

13  Her. 

1.5 

4ft 

146 

.647 

10 

13  Her. 

1.25 

4* 

208.5 

.544 

11 

28  Feb 

1.0 

m 

55,3 

.196 

12 

21  Feb. 

m 

3.0 

11.7 

.066 

13 

7  Her. 

m 

3.0 

12.4 

.138 

14 

7  M«r. 

- 

2.5 

8.6 

.136 

15 

27  Her. 

•» 

2.0 

23.0 

.125 

i6 

13  Her. 

m 

2,0 

20,9 

,252 

17 

13  Her. 

- 

1.75 

91.6 

.471 

18 

7  Her. 

1.5 

95 

.531 

19 

13  Her. 

- 

1.5 

87,6 

,509 

20 

13  Mer. 

- 

1.25 

156 

.518 

21 

28  Peb. 

m 

1.0 

55.3 

.212 

TA3J-E  t  (font.) 


22 

7  Her. 

0.5 

- 

O.S 

40.6 

23 

7  Mur, 

1.0 

- 

0.5 

102.7 

24 

7  Mir. 

O.S 

«• 

1.0 

146.8 

2S 

7  Her, 

1.5 

m 

0.5 

74 

26 

28  Feb. 

1.0 

m 

1.0 

55.3 

27 

26  Feb. 

0.5 

m 

1.5 

39.3 

28 

7  Her. 

2.0 

«• 

0.5 

21.2 

29 

1  M*r. 

1.5 

• 

1.0 

11.75 

30 

7  Mer. 

1.0 

• 

1.5 

59.5 

31 

7  Mov. 

0.3 

2.0 

13.8 

32 

7  Htfv, 

2,5 

ee 

.5 

8.34 

33 

7  Mer. 

2.0 

1,0 

9.82 

34 

7  Mer. 

1.5 

- 

1.5 

3.02 

35 

28  Feb, 

1.0 

- 

2,0 

13.8 

36 

28  Feb. 

0.5 

«* 

2.5 

llol 

37 

28  Feb. 

•* 

0.5 

1.5 

52.4 

38 

28  Feb. 

- 

0.5 

2.5 

9,82 

39 

28  Feb. 

m 

1.0 

1.0 

55.3 

40 

28  Feb, 

- 

1.0 

2.0 

6.4b 

41 

27  Feb, 

* 

3.0 

- 

9.82 

42 

21  Feb, 

- 

m 

.0  49 
.359 
.469 
.514 
,442 
.203 
c  177 
0II6 
.130 
.172 
o  13S 

» 

.133 

.120 

,154 

.074 

.  A.t) 0 

.10a 
.195 
.074 
,C  73 


Hote:  All  shot*  contain  0.67  Uter  H2  end  0.33  » U--r  o2  In  whUtlnu  «*• 
excess  shown.  Shot  number  42  not  aempled. 
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o  r..sec/-;iv.  *  frequency-(cps) 

342  newton  s/n~/div .  SHOT  NO.  13 


Mki 
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- -  I 


20  r:.sec/div, 

342  nevrton3/r./div. 


frequency-(cps) 

SHOT  NO.  14 


•:vr 
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ivr,  ^ 


20  m.aofi/div,0 
342  nevitons/ni'V^iv. 
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«*■?  r»  I  t 

,  it.  t  ,»••*•  »  «  1 

1  A  >':* 

frc*'.;u<3ncy-(i:ps) 
Lv.  SHOT  i»0.  15 


4 


tony/e, ''/iiv. 
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APPENDIX  IV 


CALCULATION  OF  CHEMICAL  ENERGY 

Ibn  1C  Is  assumed  that  the  ncoablnatton  of  the  hydrogen  end  oxygen 
takes  place  In  such  a  eannar  that  gaseous  water  la  formed  Initially  end 
that  the  heat  of  combustion  of  this  reaction  Is  the  available  chemical 
energy.  The  reaction  Is: 

where  is  the  heat  of  coebustloa  in  cal./wole  and  Is  equal  to  57,800 
cal/nole. 

One  liter  of  coofcuatlble  Mixture  (  0.33  O2  and  0.6?  )  was  sain* 

talned.  Assuming  that  hydrogen  and  oxygen  are  ideal  gases  (22.4  liter?/ 
•ole  ),  there  is  0.0299  note  of  hydrogen  and  0.0149  stoles  of  oxygen.  The 
reaction  will  yield  0.0299  sales  of  water  vapor  and  1728  caloric?  of  hart. 
Converting  calorics  to  Joules  gives  7260  joules.  The  value  of  7260  Joules 
was  used  as  the  chemical  energy  in  coaqmtlng  the  chemical  to  acoustic 
energy  conversion  efficiencies. 
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